To estimate whether length of the first stage of labor is associated with adverse maternal and neonatal outcomes.
METHODS:
This is a retrospective cohort study of nulliparous women with term, singleton gestations delivered in one academic center between 1990 and 2008. The length of the first stage was stratified into three subgroups: less than the 5th percentile, 5th to 95th percentile, and greater than the 95th percentile. Maternal and neonatal outcomes were compared using the 2 test. Multivariable logistic regression models were used to control for confounders.
RESULTS:
Of the 10,661 nulliparous women meeting study criteria, the median (50th percentile) length of the first stage was 10.5 hours. Compared with women with a first stage between 2.8 and 30 hours (5th to 95th percentile thresholds), the risk of cesarean delivery was higher (6.1% compared with 13.5%; adjusted odds ratio [OR], 2.28, 95% confidence interval [CI], 1.92-2.72) in women with a first stage longer than 30 hours (greater than the 95th percentile). These women also had higher odds of chorioamnionitis (12.5% compared with 23.5%; adjusted OR, 1.58; 95% CI, 1.25-1.98) and neonatal admission to the neonatal intensive care unit (4.7% compared with 9.8%; adjusted OR, 1.53; 95% CI, 1.18 -1.97) but no other associated adverse neonatal outcomes.
CONCLUSION:
Women with a prolonged first stage of labor have higher odds of cesarean delivery and chorioamnionitis, but their neonates are not at risk of increased morbidity. (Obstet Gynecol 2010; 116:1127-35) 
LEVEL OF EVIDENCE: II
I n 1955, Friedman 1 described the characteristic first stage of labor as sigmoid-shaped, consisting of a latent phase and an active phase. This labor curve has traditionally been accepted as the "normal" course of labor and subsequent definitions of labor protraction and arrest have been widely accepted. 2, 3 However, the practice of obstetrics has changed over time. Recent studies suggest that labor progression in contemporary obstetrics differs from Friedman's labor curve with a substantially slower rate of cervical dilation, 4, 5 and less stringent criteria for normal labor may be appropriate. 6 -9 Although the American Congress of Obstetricians and Gynecologists has defined labor as "the presence of uterine contractions of sufficient intensity, frequency, and duration to bring about demonstrable effacement and dilation of the cervix," 10 uncertainty exists regarding the definition of latent labor. Because women present at different phases of labor, it is not always possible to evaluate cervical effacement and dilation corresponding to the onset of labor in the latent phase. Thus, most studies of labor and labor dystocia focus on progression of labor during the active phase and the management thereof. 7, 9, [11] [12] [13] Although risk factors for a prolonged second stage of labor and outcomes have been more extensively investigated, 14 -16 the association between the length of the first stage of labor and perinatal outcome remains largely unclear and can be methodologically challenging to evaluate 17, 18 Given such paucity of information on the length of the first stage of labor and its associated perinatal outcomes, we examined a cohort of nulliparous women in spontaneous labor to investigate factors associated with a prolonged first stage and whether the duration of the first stage of labor is associated with maternal and neonatal morbidity. Particularly, we examined the entire length of the first stage rather than the active phase of first stage. We hypothesized that in nulliparous women, a prolonged first stage of labor might portend labor dystocia, leading to a higher risk of maternal complications but not neonatal morbidity.
MATERIALS AND METHODS
We designed a retrospective cohort study of all term, cephalic, live singleton births to nulliparous women who presented in spontaneous labor and delivered at the University of California, San Francisco between January 1990 and July 2008. Institutional review board approval was obtained from the Committee on Human Research at the University of California, San Francisco. Term gestation was defined as gestational age at delivery of 37 completed weeks or greater. The exclusion criteria were multiple gestations, induction of labor, cesarean delivery before onset of labor or during the first stage of labor for fetal indications (fetal distress or fetal intolerance of labor), intrauterine fetal death, or known lethal congenital anomalies. All deliveries at this academic institution were performed by resident clinicians with supervision by certified nurse midwives or attending physicians.
Maternal characteristics and labor information were collected by the managing physicians on Labor and Delivery, and neonatal information was similarly collected by pediatricians using a neonatal database. The maternal and neonatal databases were then linked using two unique maternal and neonatal identifiers and crosschecked with 100% linkage that was performed by an externally contracted company. The perinatal database was maintained with daily chart review by trained abstractors to ensure proper information gathering and to minimize missing data. The database was additionally reviewed monthly by trained physicians for quality assurance.
The duration of the first stage of labor was defined as the time interval between onset of labor to complete cervical dilation regardless of the timing of rupture of the membranes. Onset of labor was characterized by the following: 1) regular, painful uterine contractions with a frequency of at least every 5 minutes or three contractions in a 10-minute period as reported by the parturient; and 2) cervical change documented by the health care provider. For example, if a woman presented for labor evaluation but did not have regular contractions or documented cervical change, then she was not in labor. If she then returned the next day, reporting onset of painful, regular contractions, which started 6 hours before the second presentation, and subsequently had documented cervical change, the time of labor onset in this case would be recorded as 6 hours before admission. Although the decision for admission and labor management may be individualized, some (but not all) indications for admission include active labor (cervix 3-4 cm dilated, effaced), rupture of the membranes, nonreassuring fetal heart tracing, and vaginal bleeding. Typically women were not admitted in latent labor for augmentation without maternal or fetal indications. Labor augmentation with oxytocin or artificial rupture of the membranes was initiated usually only if there was lack of labor progress. Active management of labor was not a standard protocol during the study period. Women may request pain control at any point of labor, and regional analgesia is most often placed during the active phase of labor. If cesarean delivery was performed during the first stage, then the length of the first stage was determined as the period between the onset of labor to time of cesarean delivery. The length of the first stage of labor was stratified into three time intervals: less than the 5th percentile, 5th to 95th percentile, and greater than the 95th percentile. Maternal and labor characteristics were examined as associated factors for length of the first stage.
Maternal outcomes evaluated included mode of delivery (spontaneous vaginal delivery compared with operative vaginal delivery compared with cesarean delivery), third-or fourth-degree perineal lacerations, postpartum hemorrhage (estimated blood loss of greater than 500 mL for vaginal delivery and greater than 1,000 mL for cesarean delivery during the first 24 hours postdelivery), blood transfusion, chorioamnionitis (defined as intrapartum maternal temperature greater than or equal to 38.0°C and fetal tachycardia or other clinical symptoms [greater than 160 beats per minute] on electronic fetal heart rate monitoring), and endomyometritis (defined as postpartum maternal temperature greater than 38.5°C in the presence of uterine fundal tenderness). Neonatal outcomes examined included 5-minute Apgar score less than 7, cord umbilical arterial pH less than 7.0 or base excess less than or equal to 12 (results of umbilical arterial blood gases were available for analysis in 76.2% of the births), meconium aspiration syndrome, neonatal sepsis, birthweight greater than 4,000 g, shoulder dystocia, birth trauma (a composite variable of skull fracture, clavicular fracture, brachial plexus palsy, facial nerve palsy, and other nonspecified trauma), and admission to the neonatal intensive care unit. The diagnosis of shoulder dystocia was made by the delivering obstetric attending, whereas neonatal diagnoses were made by the pediatricians caring for the newborns. The diagnosis of neonatal sepsis was based on either a positive blood culture or based on clinical presentation or suspicion with additional support of abnormal laboratory results (such as abnormal complete blood count or C-reactive protein) because neonatal blood cultures can be positive if antibiotics were given intrapartum.
Statistical analysis was performed using STATA 9.0. Maternal and neonatal outcomes were analyzed using the Pearson's 2 test for categorical variables. Potential confounders were controlled for using multivariable logistic analysis. The covariates in the multivariable regression models included maternal age, race and ethnicity, gestational age at delivery, year of delivery, epidural anesthesia, and the length of the second stage of labor. Furthermore, we included episiotomy and operative vaginal delivery as covariates for the multivariable logistic models that examined the effect estimates of perineal lacerations and shoulder dystocia; oxytocin augmentation was also additionally included for the effect estimates of chorioamnionitis; and mode of delivery as well as chorioamnionitis were also included for the effect estimates of postpartum hemorrhage and neonatal intensive care unit admission. Additional models were created excluding women with medical complications (diabetes, preeclampsia) as well as cesarean deliveries and oxytocin augmentation or artificial rupture of the membranes. As a result of the fact that the study period spanned 19 years, we included year of delivery as a potential confounding covariate in the multivariable logistic models. Length of labor was also examined by survival analyses using the log-rank test to compare Kaplan-Meier survival curves. Statistical significance was indicated by PϽ.05 and 95% confidence intervals (CIs).
RESULTS
During the study period, there were 23,646 women with singleton, term, nonanomalous pregnancies who had a trial of labor. We excluded 10,512 multiparous women, 2,256 nulliparous women who had induction of labor, and 217 nulliparous women who had cesarean delivery as a result of fetal intolerance of labor or fetal distress, leaving 10,661 women meeting study criteria and eligible for analysis. The median (50th percentile) length of the first stage of labor was 10.5 hours with 2.8 hours as the 5th percentile, 6.5 hours as the 25th percentile, 16.5 hours as the 75th percentile, and 30.0 hours as the 95th percentile thresholds. There were 525 women with a length of the first stage less than 2.8 hours (less than the 5th percentile), 9,611 with a length of the first stage between 2.8 and 30 hours (5th to 95th percentile), and 525 with a length of the first stage lasting longer than 30 hours (greater than 95th percentile).
Maternal characteristics associated with a length of first stage longer than 30 hours (more than 95th percentile duration) included: maternal age, gestational age at delivery greater than 41 weeks, high prepregnancy maternal body mass index, and being married (Table 1) . Oxytocin augmentation of labor was more frequent with longer first stage as was epidural use, persistent occiput posterior posi- tion at delivery, and birthweight greater than 4,000 g ( Table 1 ).
The association between length of first stage and mode of delivery was examined using univariable comparison and survival analysis. In women with a first stage more than the 95th percentile (30 hours), 75% still proceeded to have vaginal deliveries (Table  2) . Conversely, in women who had a very short first stage (less than the 5th percentile), less than 5% required cesarean delivery (Table 2) . Women who had spontaneous vaginal delivery or operative vaginal delivery had a shorter first stage compared with those delivered by cesarean (PϽ.001 by log-rank test; Fig.  1 ). Of the women who had cesarean delivery, 72% were performed for arrest of dilation or descent and 13% for failed attempts of forceps or vacuum-assisted vaginal delivery; other indications (eg, cord prolapse, active bleeding, malpresentation, chorioamnionitis, and "others") made up the remaining 14% of the cesarean deliveries. Although women with a prolonged first stage (greater than the 95th percentile) did not have a higher frequency of severe perineal lacerations, they were more likely to have postpartum hemorrhage, chorioamnionitis, and endomyometritis (Table 2) . Neonates born to women with a first stage greater than the 95th percentile were more likely to have 5-minute Apgar score less than 7 and admission to the neonatal intensive care unit (Table 2) . These neonates were also more likely to weigh more than 4,000 g but they were not more likely to experience shoulder dystocia (Table 2) or have birth trauma.
The association between length of the first stage and mode of delivery as well as perinatal outcomes were further examined using multivariable logistic regressions models to adjust for potential confounding bias on effect estimates. Compared with women with a first stage duration between the 5th and 95th percentiles, women with a short first stage (less than the 5th percentile) had lower odds of cesarean delivery and chorioamnionitis (Table 3) . On the other end of the spectrum, women with a first stage duration greater than the 95th percentile had higher odds of cesarean delivery, both in the first and second stages of labor, but lower odds of operative vaginal delivery (Table 3) . Furthermore, the length of first stage greater than the 95th percentile was not associated with higher odds of third-or fourth-degree perineal lacerations, postpartum hemorrhage, or endomyometritis, but odds of chorioamnionitis were higher (Table 3) . There were no differences in neonatal outcomes, except for higher odds of admission to the neonatal intensive care unit in neonates born to women with a first stage greater than the 95th percentile(adjusted odds ratio, 1.53; 95% CI, 1.18 -1.97). However, information regarding indications for neonatal intensive care unit admission was not available.
To examine the association between length of the first stage and perinatal outcomes, we repeated this analysis in nulliparous women who delivered vaginally (Table 4 ) and in women who did not receive oxytocin augmentation of labor or artificial rupture of the membranes (Table 5) , and observed similar relationship between the duration of first stage of labor and operative interventions and chorioamnionitis but not worse neonatal outcomes.
To investigate whether risk of perinatal morbidity increases before the 95th percentile threshold, we stratified length of first stage into three subgroups: 5th to 90th percentile, 90th to 95th percentile, and greater than the 95th percentile. Univariable analyses using Pearson's 2 test were used to examine the association between maternal and neonatal outcomes by these first-stage thresholds (Table 6) . We then performed multivariable logistic regression analysis controlling for the same covariates as the previous comparisons.
Compared with women with a first stage duration between the 5th and 90th percentiles, the odds of cesarean delivery and chorioamnionitis was higher in both groups of women with a first stage duration greater than the 90th percentile, but there were no differences in perinatal outcomes except for increased odds of neonatal intensive care nursery admission in women whose first stage was greater than the 95th percentile (Table 7) .
DISCUSSION
In our large cohort of nulliparous women with a term, singleton gestation experiencing spontaneous labor, increasing length of the first stage of labor was associated with increased risk of cesarean delivery and chorioamnionitis but not adverse neonatal outcomes. Among women who had a cesarean delivery, their length of the first stage of labor was longer compared with women who delivered vaginally. Yet, it is important to note that although a prolonged first stage is associated with a higher risk of cesarean delivery, the majority of women still achieved vaginal delivery, even in those with a first stage of labor lasting beyond 30 hours (greater than the 95th percentile threshold).
The associated risk for chorioamnionitis was greater when the first stage of labor was prolonged aOR, adjusted odds ratio; CI, confidence interval; UA, cord umbilical artery. Reference comparison group: white, length of first stage of labor in the 5th to 95th percentile. * Adjusted for maternal age, gestational age at delivery, ethnicity, gestational diabetes, preeclampsia, placenta abruption, year of delivery, delivery attendant, and epidural anesthesia (episiotomy and operative vaginal delivery additionally included for perineal lacerations, and shoulder dystocia; oxytocin augmentation additionally included for chorioamnionitis; mode of delivery and chorioamnionitis additionally adjusted for postpartum hemorrhage and neonatal intensive care unit admission). † For vaginal deliveries only. ‡ Birth trauma: composite variable of skull fracture, clavicle fracture, brachial plexus palsy, facial nerve palsy, and other nonspecified trauma.
(greater than the 95th percentile). Although longer labor may have led to the greater risk of chorioamnionitis, alternatively, the presence of chorioamnionitis may have caused dysfunctional contractions, which led to longer labor. We did not observe an association between length of labor and risk of endomyometritis. It could be that women who had chorioamnionitis would have received antibiotics in labor or postpartum, which may, in turn, reduce the odds of endomyometritis. We observed that epidural analgesia, fetal occiput posterior position, and macrosomia were risk factors for increased duration of first stage; however, neonates born to women with a first stage greater than the 90th or 95th percentiles did not have higher odds of adverse outcomes, except for neonatal intensive care unit admission with first stage greater than the 95th percentile. Although we did not have precise indications for neonatal intensive care unit admissions, some may have been for sepsis workups in the presence of chorioamnionitis, although the risk of neonatal sepsis was not associated with a longer first stage. Furthermore, the length of first stage was not associated with other neonatal morbidity, which often results in a neonatal intensive care unit admission, including 5-minute Apgar score less than 7, neonatal acidemia, birth trauma, or meconium aspiration syndrome.
As Zhang and colleagues recently pointed out, "our inability to reduce cesarean delivery rate may be contributed in part to the incomplete understanding of a normal labor process, particularly in the first stage." 9 This study provides information regarding the association between length of first stage and mode of delivery as well as associated perinatal outcomes that is currently lacking.
Our study examined perinatal outcomes associated with the length of the first stage for nulliparous women but has limitations. Because the first stage of labor consists of both the latent and the active phases, one challenge is the precise identification of the onset of labor. In this study, the length of the first stage of labor was determined based on self-report by the parturient and by clinical examination, because women do not always present for evaluation of labor during the latent phase or at the exact onset of labor. Self-reporting can be prone to recall error and cannot be objectively verified. However, this is routinely how women present to clinicians; thus, we believe our findings have clinical validity. 16 A recent study on the latent phase of labor in women who had induction of labor reports a mean duration of 384 minutes, or 6.4 hours 19 ; it has been previously reported that the median active phase of labor is approximately 4 hours. 4, 9 Our observation of a median duration of the first stage of 10.5 hours is thus consistent with previous reports, although these study populations are markedly different. The large number of patients in our cohort also may overcome some of the limitations of self-report. Most literature on the first stage of labor examines only the active phase. 4 -7 Our study provides additional information regarding the progression of the first stage of labor in its entirety; however, we do not have detailed information on the transition between latent and active phases labor. Furthermore, some of our outcomes involved multiple comparison groups; thus, the potential pitfall of a type I error (false-positive) exists. However, most of the outcomes of interest were statistically significant with a P value of Ͻ.001, making the possibility of type I error less likely and even with the Bonferroni correction that accounts for multiple comparisons, these remained statistically significant.
Another study limitation is that information on labor augmentation, artificial rupture of the membranes, or epidural placement were reported as presence or absence; thus, we could not explore how these interventions may have influenced the course of labor. Likely, as the quality of electronic medical records improves, so will the data that become available. Future studies should endeavor to examine the effects of these on length of labor and associated perinatal outcomes. Another potential limitation is that the diagnosis of chorioamnionitis was based on clinical findings rather than placental pathology, which may lead to an overestimation of the effect of the first-stage length on chorioamnionitis. Also, we excluded women who had a cesarean delivery for fetal intolerance of labor or fetal distress from the analysis; however, it is possible that some fetuses, likely a small minority, with acute compromise may remain in the cohort.
We observed that increasing lengths of the first stage of labor are associated with maternal, but not neonatal, morbidity; but even in women whose first stage lasted beyond 24 hours, nearly three of four still achieved vaginal delivery. In today's obstetric climate where successful vaginal birth after cesarean delivery is less than 10%, achieving vaginal delivery in the first pregnancy markedly decreases the risks of multiple cesarean deliveries, and the associated morbidity, in future pregnancies. Management of labor should involve a thorough consideration of the ongoing risks of continued expectant management compared with the 
